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(57)Abstract: 

PROBLEM TO BE SOLVED: To impart a good exchange bond between a 
free layer and a second antiferromagnetic material by executing a stage for 
removing both oids of the free layer down to a prescribed depfli prior to a 
heat treatment for magnetization direction control of a first antiferromagnetic 
material of a magneto- resistive(MR) laminate when forming a second 
antifimx)magnetic material for exchange bonding for generating a longitudinal 
bias for controlling the magnetic domain of the free layer, 
SOLUTION: A lower shielding layer 10 and a lower insulating layer 1 1 are 
formed on a substrate. A spin valve MR laminate 1 2 consisting of a first 
antiferromagnetic material layer 120, a first ferromagnetic material layer 
(pinned layer) 1 21 , a nonmagnetic metallic l^er 1 22 and a second 
ferromagnetic material layer (free layer) 123 and a cap layer 16 are deposited 
on the lower insulating layer 1 1 . Both ends of the cap layer 1 6 are completely 
removed by diy etching and both ends 123a of the free l^er 123 are removed 
down to the prescribed depth, A third ferromagnetic material layer 13, a 
second antiferromagnetic material layer 14 and a lead layer 15 are formed and 
thereafter, the regulation heat treatment of the first and second 
antiferromagnetic material layers 120 and 14 is carried out 
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6 


0 


3 6 


7 


0 


3 5 



tf-f. Ji)i^i^^\^-iiyy^xm.mi5%&.rt'ti:: 

[00541SJ|®2. 

'Sf-r-zritUtCu (5nm) com^lKSrfflWcJ^ 
•C*)!.. ^5~^7ti. 7U>-«-C*>I.Ni Fe;i<7)5 
yy/ai? (7>J-««iii*»^>«) -rxht-x* 

6«2 5 ox:- si^cr^sfcjira^tf^mc-f^tys 
y^^i&tr-'Tt^l^s ^7tt3 0 0X:-5^®<^^iJ!Sf* 

5m^7^zt . ;t-xx:«^t J: 0 $ 'J VJ^^S 

[00551 
[«5] 



!{8) 000-228003 (P2 0 0 0-2 2818 



[00561 



[^61 





«A-<7X«^^ (Oe) 


0 


0 


1 


3 


2 


1 7 


3 


2 6 


4 


3 5 


5 


34 


6 


3 S 


7 


36 



[00571 









S$ (nm) 


(96) 


(Oe) 


0 


4 8 


0 


1 


3 1 


4 


2 


2 0 


1 8 


3 


1 6 


2 5 


4 


1 4 


2 9 


5 


I 0 


3 5 


6 


6 


3 4 


7 


2 


3 5 



1^. 



[0058] ^mA^^^y^ y yy^n-^f^mi 

*53 0 O e OT t . ilSf>''<'f r:^mm^3 0 O e WT 

4^*55%OTt=5rSit'e*6*»^>. ^Ol'i'^^^-^y 
y^xm.m5%i:xrt l. ^— >'x5SM:5r 1 0% 

[0 0 5 91 jiUitT2 5 0'C-5ll#S|£Ofei!iSt^tw'f 

5 %lJlTfc-t5 tcli. 7 U 4 n mtLLx -y f-y^ 
t-&Je^*«*)Os §^.(C. JifeffilfC3 0 0t:- 51^00 

>(X||i*^5%feiTtL. ^r-i^xSimb^ 10%Ja 
[ 0 0 6 01 -yT-Jifc L-T C u co»JiMS:fflv^il 



[0 0 6 1 1 S^t. «5SV«7W3j-->fx5ISat5-it 

yy/^§«a:(S{i<MhSv\ 

[00621^^3. 

^■vy7-J|i:tTA I { 5 nm) cO#S|gSrfflV^5t^ 
■C$)l). ^8~S1 0(i. 7>;-lTJ>I.N i Fel« 

$'jyj?'ai§ (7U-Jim*^^«o) rxht-x 

0. m^i^immz^^y^^)y':fi<fr->tz^. ^ 
9ti2 5 o*c- 5^'^(^msm:'^-ytzm^^^y^ u 
yy^n^-fi.i$s^. ^1 o«3oox:- 5i$s<'^D!Pi 
'mzA ^y 5 yv^n-^fc^iz-o^^x^ lt v^s . 

[00631 
[«81 



!{9) 000-228003 {P2000-22eT8 



[0064] 



[00651 



»J (nm) 


tt(/X-f 7Xai# (Oe) 


0 


3 


1 


8 


2 


2 2 


3 


3 3 


4 


34 


5 


34 


6 


36 


7 


35 








7»J-JiSU>y»S (nm) 


K/t-f7XK^ (Oe) 


0 


0 


1 


3 


2 


1 7 


3 


2 5 


4 


3 2 


5 


34 


6 


36 


7 


36 








7 U ytf^-^ (nm) 


«E/t-f7Xa» (Oe) 


0 


0 


1 


4 


2 


1 8 


3 


2 4 


4 


2 7 


5 


32 


6 


34 


7 


35 



[0066] ^E^tc^ ^^-5 'J y^STtfoit^-^. 
7 y -fl^ 3 n mMJLx v f - yi/-#:h.t^^\*^ rxfii^ 
*<3OOeOTfc=0:6. i{/-<^TXlS^*<3 00ejyT 

/^X|tt*$-5%tiTi:-fl>Ui. 7'J-lSr3nin 
liLhx -/ f - y ^-r it(f J: V i: , 
[ 0 0 6 7 ] ISJIL-T 2 5 ox:- 5^(7)^a^t^ 

tiimti'h*) . «BltT3 0 0'C-5ftia<?) 

[ 0 0 6 8 ] ^•V 'yTflt LT A I (?)*iiffiS:fflv^fi 
[0 06 9] ttc. 7y-«0'f;t>'5'J>'/?:Sil«S 



[0070] 



OS'Jy^'SIS (7'J-S*®*'^>0) T^^hb- 

ai2li2 5 0-C-5^cr)^iS!^$:ff-^3t^t^ 
;i•y5';y/^^f•^^:J^. m 3«3 0 0X:-5l^ 

x\^h. tea. ir-'y^mmt. wmmimimj: 

[0071] 

[al 11 



(^0) )00-228003 (P2000-22eT8 



[0072] 



[0 0 7 3] 



•7>J— H^UV^^tS^S (nm) 


Ifyt-f TXm^ (O e ) 


0 


0 


1 


8 


2 


1 2 


3 


3 2 


4 


3 5 


5 


34 


6 


34 


7 


3 5 




1^12] 




:'y-JB5U>y»S (nm) 


K;W7xe» (Oe) 


0 


0 


1 


0 


2 


7 


3 


1 3 


4 


2 5 


5 


32 


6 


34 


7 


35 




[^13] 




U >y^^$ (nm) 


«/W7xa» (Oe) 


0 


0 


1 


0 


2 


3 


3 


8 


4 


1 7 


5 


2 8 


6 


34 


7 


3 5 



[ 0 0 7 4 ] ^H^c-f >r y $ 'J ^'/^^To^v:^^. 

7 U 3 n mUUiX v f - y /-mf JS^ ^M TXK^ 
*«30OeOTt=5:&. m^Urxm^tfiSOOei^XT 

y^Xm.m 5%OTfc-ri>{iti. ^ 'J-^Sr3 nm 
[0 0 7 5] ^LX2 5 0V-5i^<r)mMmt^ 

fSti5i9^(=^:ty$uy^tJt^^. A'/k^-yw-tfy/ 

±X7 f-y /ti.sgJ^**ft* ^ t . 
[ 0 0 7 6 ] -y ret R h«*lK* fflv^n 

itlx. A'/i-^A'^Hfy/^xlfei^^ 5%OTt-r& 

[0077] ttz. ^'J-M^O-f^fy^'Jy/SrfiSlia 



[0078] ^0115 

^^•yrltLTRu (5nm) (^*J|lSSrfflV^it^ 
TJ>I.. ^14-^1 6t±. 7'J-Jit-J>I.Ni Fel 
cOS'jy/aiS (7U-®^ffl*''^<0) t. rXh-t- 

fco, «i4tt«|giS^t>f*y$yy^'S:ff^/c^ 

5t42 5 0X:-5B#|SI<7)«iit!®S:tT-o!t^tC-f 
;i-ySUy/&ffofc*l^, ^1 6tt300*C-5(^ 

t^^feRSftt^-f ^y s y y^i&ff -3«:«^ii-?v^-c^t 

[0079] 
[«14] 



itl) )0 0-228003 (P2O0O-2 2eT8 



[0080] 



[0081 ] 



y^)-m^U>^mtS (nm) 


WEi'WTXiaif (Oe) 


0 


3 


1 


9 


2 


2 2 


3 


32 


4 


34 


5 


34 


6 


36 


7 


3 6 




[^15] 




7iJ--B5U>i^»$ (nm) 


7X«IJ <0e) 


0 


0 


1 


3 


2 


1 7 


3 


2 5 


4 


3 1 


5 


3 2 


6 


34 


7 


3 6 




[»16] 








0 


0 


1 


4 


2 


1 8 


3 


2 3 


4 


2 6 


6 


3 2 


6 


3 3 


7 


3 5 



[00821 ^smiSkic^^y^ *J yy^^r,tzm^. 

*«3 0 0eOTi:=5:S. «fA^TX«|f*<3 0OeJaT 

y>fX||t*^5%OTfc-tStti. 7'J-lS:3nm 
[ 0 0 8 3 ] «il 2 5 0 X; - 5 ^<^^M!««^lw^ 

^JotC. JSISLT3 0 0X:-5I$S<0 
[ 0 0 8 4 1 ^ ^' >y 7"Ji t L-T R u omiK^fflV ^tl 

[0 0 851 7y-ii<^-f:i-y5';>^^2:!^a 



10086) mmme 

^■r>yXSi:LTPt (5nm) <:0*JiK<&fflV^5t*& 
Til's, 7~ai 9t±. 7D-STfcl)N i FeJg 

^18{i2 5 0'C-5B#raOiai!!tai:fft>JtatC'f 
^y5Ui^/^ffo^:i^, *i 9li3 0 0X:-5i^ 

2OJ^i:a(J«<H<0«i6j?:5rrjtto. iti4.<a^t« 

[00871 
[ai7] 



(?12) )00-228003 (P2000-22§T8 



[0088] 



[0089] 



:7U-HaU>d^»$ (nm) 


layx-f Txa» <oe) 


0 


0 


1 


7 


2 


1 5 


3 


2 8 


4 


3 3 


5 


34 


6 


34 


7 


35 










«y\W7XB» (Oe) 


0 


0 


1 


0 


2 


0 


3 


1 1 


4 


2 3 


5 


2 9 


6 


84 


7 


3 5 








7U-Ji^U >^«^ (nm) 


H/W7X«» (Oe) 


0 


0 


1 


0 


2 


0 


3 


5 


4 


1 1 


5 


2 5 


6 


34 


7 


3 5 



[0090] laaRSSifcr'f jfy s o y^^in-ftciSf^. 

A<3 0OemTi:^r6. IS^^-^ TXe**«3 0 O e OT 

/>fX^$^5%WTftl>W4. 7';-S2:4nm 
[ 0 0 9 1 ] J«JRUT 2 5 O-C- 5l^(?)gftJ!ia«fc:^ 

JigMLT3 0 0X:-5l^iaiO 

[ 0 0 9 2 ] yrJit tt RhomnKs-rav^n 
[00 93]*^, y^j-m<^^^y^')yyi^^ 



[00941SIIM1 
^•v-yT-StLTRuRhMn ( 5 nm) 

J-^LTtJO, «2 0tiJi!4KilSfcC'f:tyS';y^$1T 

ofc^. a2 1 142 5 O'C- 5lI#ra(^^a5:^T'5!t 
1^tC'f:ty5Uyi^2rffo^cJ^. ^2 2{±3 0 0'C- 

5B#s«a«sfS{-'f :ty s y y^^S'R-:>^ci©^fc':>o 

[00951 
[^2 01 



(US) )00-228003Tp2000-22IT8 



[0096] 



(00971 





Kn-f7X«|^ (Oe) 


0 


0 


1 


0 


2 


1 2 


3 


3 1 


4 


3 6 


6 


3 4 


6 


34 


7 


3 S 




[^2 1] 




7 V ^ 'J a V n m; 




0 


0 


1 


0 


2 


0 


3 


1 3 


4 


2 6 


5 


3 2 


6 


34 


7 


3 6 




m22] 






yiJ-m^'J>^m^ (nm) 


ja!m7X«» (Oe) 


0 


0 


1 


0 


2 


0 


3 


9 


4 


1 3 


5 


2 7 


6 


34 


7 


35 



[00981 ^mz-^ ^yiV y /Srff-p 

7 U -Jl^ 3 n mULhx v ^ y^/tiKfJgA*^ Txm^ 

*«3 0OeJaTi:=3:S. il^-^-^TXlSlf*«3 OOeJMT 

y ^ X^^i^ 5 %OT t-tSfcii. 7 'J -SS: 3 n m 

(00991^ LT 25 ox:- sB^^osisaa^t^ 

•r&jes***'), ^'bi^s )ifeii!tt3oox:-5itia<^ 

«ij!ag^t-^5i-y5 'jy^LTtJ^. A>:?>'\i^-fcfyy 

[01 001 i'rV'yT'SttTRuRhMnOmJiKS: 
m&St^LX. A;i^^'>'N':?-b'yy-fX%4$5:5%lSlT 

[0 1 0 1 1 i/o, 7U-«cO'Y:ty$ 'jy^'lr^iJira 



#-f. Art'^/N'>-b*yy-fX|fc^$?:5%eiTff-5C: 

t*«t'^^v^*\ )i!a8iSft^^^f;t^f^^^st^i^^.s';y^^ 
[01021 mms 

if-v/T)ii:LTPtMn ( 5 nm ) (O^JBKS-fflV^f^: 

^X'hh. ^2 3~a2 5«. y')-mX'hhli i F 

tT*}*). ^2 3HJiajtii«C'f*ys'Jy/S:«foys 

^2 4(i2 5 0'C-5^ISO«ijaa5:fio)t^t 
-fji-ySUyi^Srff-o/iii^. «2 5«3 0 0X:-5l$ 

0(jot?&j!!Slfftfc>f:rys yy/Sffofc^^Kov^ts^ 

[01031 
[«2 3l 



(?14) )00-228003 (P2000-22IT8 



[0 1 04] 



[0 1051 



7U-H5U>^^»$ (nm) 


ME/t-f TXiKI?^ (O e) 


0 


0 


1 


1 5 


2 


30 


3 


32 


4 


3 & 


S 


34 


6 


34 


7 


3 5 




[^2 4] 








0 


0 


1 


0 


2 


1 7 


3 


3 1 


4 


3 3 


5 


33 


6 


34 


7 


3 S 




[^2 5] 






y^J-m^^)>^mtS (nra) 


wurxmn (oe) 


0 


0 


1 


0 


2 


2 


3 


1 3 


4 


3 0 


5 


3 2 


6 


34 


7 


3 S 



[ 0 1 0 6 ] Jt>'5 u y^^^'ff 

7 U 2 n mULhX v ^ y^/tittf SJaM T 

*<3 0OeiaTi:=6:S. «{A^TXIK#*«3 GOeiaT 

Xfgi^S: 5%OTt-tl)Wi:. 7 2 nm 

[ 0 1 0 7 ] i«us 2 5 0 x:- 5 i^<?^af^t 

tSje^^*^*'?. Bg|i!tt3 0 0X;-5l^ia(^ 

^ XmM^5%a-rttHzii. 7'J-ilSr4nmJa 

fflv^Wf. ||ffiC?51<ort<Tao#^]l^fflV'»fc8!* 

[01091 i-t. 7V-m<^^^yioyyi:^^ 



[oiioiSHSli. 

^A'-yriiiLTPtMnRh ( 5 n m ) <0#JilSrffl 
V^/t:i^f i>l>. ^8-^1 0(i, 7'J-Jgt'$)I.N i 

F ei«7) s ( 7 u -jg^ffiA^^o ) t . tx 
* tt *j 0 . « 2 6 amm^iz^ s u y^^^f ^ 

fz^. ^2 7ii2 5 CC- 5^l5<^.^J5ia$:ff-5't^ 
(^^5^>$'J>':/^r^To^:i^. ^28t43 00-0-5 

[01111 
[^2 61 



(C15) )00-228003 (P2000-22IT8 



[0112] 



101 131 





«n-fTx(aa[» (oe) 


0 


0 


1 


1 2 


2 


2 6 


3 


3 2 


4 


3 5 


6 


3 4 


6 


3 4 


7 


3 5 




[ife27] 




7'J-HSU>i^»$ (nm) 


«mTXB» (Oe) 


0 


0 


1 


3 


2 


1 6 


3 


3 1 


4 


3 3 


5 


3 3 


6 


34 


7 


36 




[^281 




7U-ii^U>y»S (nm) 




0 


0 


1 


0 


2 


4 


3 


1 3 


4 


30 


5 


3 2 


6 


34 


7 


35 



101 1 41 j«u«ea«c-f3rys 'jv/Srff-Jit^^s 

7 y -S^ 3 n m UJLhX V f - y :/-riHf T 

*«3 0OemTt^S. iS/'?^7';<.a**«3 00etiT 

MXmmi'yX'iXVh-th^zM.. 7'J-SSr3nm 

101 151 J«iy!UT2 5 0'C-5l^<?)^fej!!iaSifc'f 

5%UlTi:-tSfc(i> 7'J-Ji& 3 nmJjLJiX y^y^ 
t6je«*f*) 0 . $ '^t*. ^ffiitt 3 0 O-C- 5I^ISIO 

101 161 ^^-yrJitttPtMnRhcOfiJiHS: 

[01 171 7y-®<o^^>'$yi^^Sr^Jaa 



(01 isis^MiO. 

9 0 (Ti*n Oat%, W*<9 0at%) (Snm) 
N i F eSOS U y^m^ ( 7 U -®^ffl*^ 

t><^) ts TXh^-x>p^^x'<ofUTm^± 

S'jy/Srff-o/ii®^. ^3 0ti2 50'C-5^iaoafc 

(i3 0 ox:- 5msff)msmmz^ ^y s u y^^Jr^f ^ 

[0 119] 
[^2 91 



(?16) )00-228003 (P2O00-22eT8 







0 


0 


1 


1 8 


2 


2 7 


3 


34 


4 


3 6 


S 


34 


6 


36 


7 


3 5 



[0 120] 



*RUT2 5 Ot:- S^WWlRUIiaftK-f^^S >}>if 





tst/urxmn <oe) 


0 


0 


1 


0 


2 


1 5 


3 


24 


4 


33 


6 


35 


6 


34 


7 


3 5 



(0121J 



[^3 1 1 



7U-SSU>i^»S (nm) 


(Oe) 


0 


0 


1 


0 


2 


1 2 


3 


2 1 


4 


31 


5 


34 


6 


3 6 


7 


34 



[0 12 21 ^m&^^^y^ 'jyi5^lr^T-?5t«^. 
7 U -IS: 3 n m tLhx -y ^ yr/i^h-Cf ^/nM r;^ffi^ 
mOOeUTt^h, rxm-i^ 3 O O e WT 

y-fX^^^S^WTt-f&tti. 7'J-lS:3nm 
[ 0 1 2 3 1 JKH LT 2 5 0 x:- 5 l^<?^a^K^ 

[01241^^ 'v-rmt \^xr^ivv rxmL<n'? \ 

1 ^, W, 0 (7)#«M^fflV^ntf . 1 tort < Ta 

[0 125l*3t. 7U-®«0-^^>5y>'/2ril«ia 



^ictfo i: , fci[*9i/.Tt* a COTS U y^g^$Srp*c 
roi26l glMg!ll 1 

^-v-yT'flfcLTTa (2. Snm) /PtMn (2. 
5nm) i7)2;ilS$-fflV^/cJ^T'J.I. (Ta^*<± 
ffij) . ^3 2-^3 4 7')-mX-hhn i FeiftJD 

0. iS3 2«j5!yii:^{t^3ry5 ';>^^SrtToy::%^, 

^3 3(i2 5 0'C-5^^fmSSM^^'it:W,U^y 
«34{i3 0 0'C-5l^<^8& 

[0 1 27] 
[^3 2] 



(^7) )00-228003 (P2000-22eT8 



[0128] 



[01291 



y^)-fa^^)>CfmtS <nin) 


l8!n-f7X«l^ (Oe) 


0 


0 


1 


1 5 


2 


28 


3 


35 


4 


3 5 


5 


34 


6 


36 


7 


35 




[1^33] 




7U--Ji^U>yiS^f (nm) 


«yW7X«^ (Oe) 


0 


0 


1 


0 


2 


1 6 


3 


30 


4 


33 


6 


33 


6 


3 4 


7 


35 




[^3 41 




7U-IBSU>iy»* (nm) 


wurxmn <oe) 


0 


0 


1 


0 


2 


3 


3 


1 3 


4 


3 0 


5 


3 3 


6 


3 5 


7 


34 



[0 130] jRJSaStK-fjryS'Ji^^^ff-':^-^-^^ 

7 y -M^ 3 n mHJjUiX 'y^yi^WM'U Txm 
^m0Oel:Xft^j:i>,WU Txmmfi 3 0 O e Ja 

[0131] «ffi!LT2 50'C-5B#|ge?^a^t'f 
5%WTi:-fSt=t4. 7'J-l£3nmJa±X-yf->':?< 

tl-je^***"?, $^>tc. ^ISLt 3 0ox:-5i$ra<o 

A X|64*^ 5 XWFbtt ti{±, 7 'J -iiS: 4 n mJil 
[ 0 1 3 2 1 =3?^ -yrJit tTTa/P t M n<02«K 

3i^{cifcLT. /"^fv^/^^-^yy-i xm.^i:5%&i 

[01 33] 7U-S<0'fjry$'J:^/Srii5!iS 



t *^T'#=5^v^*^. figKiSfttctf ^.tfj^t^irl. 5 U 
[0134lgSI<5lll2 



'Jf-vvr^fc tTTa (2. 5nm)/Cu (2. 5n 
m) <r>2mmm^^tz^X'hl (Tal*<±il) ♦ * 
3 5--«3 7ti. 7U-JiT-J)I.N i FelcOS'Jy^ 
( 7 U -S^ffi*^ ) i: , T^^ h t-XitJi^gl!:»- 
■CWNMT;^iKlf<^§$fc<^BI«S'*LTtJ'). ^3 
5 W^ilftt-^ 5 U y^Srff ofcii^. ^3 6 
2 5 O'C- Sl^fSi^jaSSr^fo^^^tc-f 3}-y5 U 
iSrlf-ofc*^. S3 7 tt3 0 O-C- 5^H<05SJSl«t: 

fc\ :t~i^*x9SJKmis lu^«0^ifefi^lJitX2O^fc 

[0 135] 
[^3 5] 



(tS) )00-228003 (P2000-22eT8 



[0136] 





KA'-fTXas (Oe) 


0 


0 


1 


1 8 


2 


30 


3 


3 5 


4 


3 5 


5 


3 4 


6 


3 6 


7 


3 6 




[^36] 




:7U^S^U>^»3 (nm) 




0 


0 


1 


0 


2 


2 3 


3 


3 2 


4 


3 3 


5 


3 3 


6 


34 


7 


36 



[0137] 



m37] 



:7»J-HaU>i/fli$ (nm) 


K/W7X«II1^ (Oe) 


0 


0 


1 


0 


2 


1 9 


3 


30 


4 


32 


S 


3 3 


6 


3 5 


7 


34 



[0138] ^HM^iz^fyfy^ u y^^ff-^it^^. 
*<3 0OeJaTi:'5:S. Txmif 3 0 O e 

[ 0 1 3 9 ] 2 5 ox:- 5B#ia«'^a^t'f 

^y5Uy^L5tii^. /^;^^>'^'!7-feryy^x^$S: 
t^.je®***o, «ffiitt3oox:-5^iair) 

[01401 df--v«yrSktTTa/Cu<02«KS:ffl 

{fitJtUT. A^p^Ai^^-fe'yy-^x^^iS-sjiiaTt 
[ 01 4 1 1 7 'J ^y 5 y^i^^m 



fc*<T'#=5rv^*5, l«lgii:^^c^^t^fi^^Si:^:6syy/ 

[Q 142] niigm 3 

^•\'yrli:LTTa (2. 5nin)/Al (2. 5n 
m) (^2)iKi&fflV^y'c*&t'*5 (Ta«*<±l!l!l) . ^ 

3 8-^4 Oli. 7'J-Jit'J)&NiFe®<0S'Jy^^ 
j3?S (7';-fl^B*^^>0) k. T^ht-X4'ffeS!:» 
T-OA'>f7XlK^<7);>v#$i:«M^^^UTi>'3. ^3 

8t4jsiifif*fc:^5rysuy/s-ff^fe«^> S39a 
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